years. The same methods were used for subsequent updating of data sets. This 31 report will be submitted also to peer-review after extensive internal review.
124
The Pigeon River Basin, PRB (shown in Figure 1 ) was chosen as the test-bed for the 
Modified fractal interpolation downscaling

144
In the present investigation we focus on downscaling methodologies in the Fourier spectral 145 framework, due to their theoretical and implementation simplicity, their ability to preserve the 146 spatial and temporal structure in the coarse resolution information while enhancing variability in 147 the smaller unresolved scales, their continuity in the spectral domain and their quickness of 148 computation. These models have been applied successfully in the past to rainfall and other 149 geophysical fields (e.g. Bindlish and Barros, 1996, 2000; Rebora et al., 2006; Brussolo et al., 150 2009; Tao and Barros, 2010) . Spatial scaling invariance manifests itself as log-log linearity of the 151 power spectrum in space:
where β is the spectral exponent and is the isotropic power spectrum, obtained by angularly respectively the wavenumber components in the and directions and .
156
Consequently, β can be estimated using least square regression in log-log plots. The addition of 157 in the exponent is required due radial averaging is phase space (Turcotte, 1992) .
158
By preserving the known, coarse resolution, portion of the power spectrum and extrapolating it 159 to sub-grid scale wavenumbers using the correct spectral slope and amplitude, one can obtain a 160 higher-resolution downscaled version of the field that preserves the spatial structure and correct 161 scale invariant behavior, with coherent variability at the fine scales (Figure 2 ). Based on previous 162 works of Bindlish and Barros (1996) should be taken into account and consequently StageIV_TF product is a better approximation to 237 the real scaling behavior of the observed rainfall fields.
238
Finally the average probability density function (PDF) during the five year period over the 239 raingauges in the PBR region (described in 
Results
258
To illustrate the utility of the rainfall products in hydrologic studies for the IPHEx-H4SE, 259 streamflow simulations were conducted in the Pigeon River Basin (shown in Figure 1) IPHEx-H4SE-2).
289
One-year spin-up simulations were conducted before the real simulation proper to reach internal 290 consistency in the model. The streamflow simulations results in operational-like mode in the Environmental Physics Laboratory-CEE-Pratt School of Engineering Report EPL-2013-IPHEX-H4SE-3 WFPRB for the two selected storm events are shown as examples in Figure 6 and the Nash-
292
Sutcliffe efficiency (NSE) are shown in River Basin for the two events are given in Figure 8 . Coastal Plains regions than in the mountainous regions.
321
One continuous streamflow simulation without re-initialization was conducted using the 322 uncalibrated hydrologic model described in Tao hourly NSE score between the WFPRB, the EFPRB and the CCB basins independently of 338 rainfall forcing. This reflects the significant differences in the governing hydrological processes 339 from one basin to another due to local hydrogeology and landslide activity that has contributed 340 for significantly thicker soil depths across the CCB and in the valley in the EFPRB.
341
To evaluate the impact of initial basin storage, a test simulation for the EFPRB including 15-342 years of spin-up period is described in EPL-IPHEX-H4SE-1. The spin-up consisted in re- there are still unaccounted for forcing errors, especially in the rainfall as discussed above, but the 347 NSE score reported in Table 2 overestimates the error fraction due to rainfall forcing alone. This 
Final remarks and Recommendations
353
In summary the modified fractal downscaling methodologies generate statistically robust 1km Table 1 -Details of the different data sets. (Table 1) , respectively for the WFPRB, EFPRB and the CCB. This reflects two 556 critical factors in watershed hydrology: 1) the fidelity of the original StageIV data decreases 557 strongly in the inner mountain region (e.g. CCB) and generally everywhere in the NEXRAD 558 shadow regions; and 2) the rainfall errors are amplified in the EFPRB and CCB due to governing 559 role of subsurface control on rainfall-runoff response (e.g. Tao and Barros, 2013).
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